Abstract-Tumor-promoting phorbol esters may alter a, -adrenoceptor-mediated cardiac response by stimulating protein kinase C activity. We investigated the effect of phorbol-12,13-dibutyrate (PDBu) on the positive inotropic effect (PIE) in rat left ventricular papillary muscle. PDBu (1-100 nM) potentiated the phenyl ephrine (PE)-induced PIE in a dose and time-dependent manner. The PIE induced by PE and PDBu was abolished by pretreatment with 3x10-7 M prazosin. PDBu also enhanced PE-induced slow responses 2 to 3-fold. These results suggest that PDBu enhances a, -adrenoceptor mediated PIE by potentiating slow Ca 21 channels, presumably through the activation of protein kinase C.
Although
the positive inotropic effect (PIE) of a,-adrenoceptor stimulation on isolated cardiac muscle has been recognized (1-3), the exact molecular mechanism is still unknown.
Our previous study docu mented that an a, -agonist, phenylephrine (PE), in the presence of propranolol produced PIE associated with phosphoinositide breakdown (4). A growing body of evidence suggests that formation of inositol trisphos phate (IP3) and diacylglycerol (DAG) in duced by receptor-linked degradation of phosphatidylinositol 4,5-bisphosphate medi ates the physiological response in Ca2+ mes senger systems (5, 6). It is now known that IP3 mobilizes Ca2+ from non-mitochondrial intracellular pools (7, 8), whereas DAG stimulates protein kinase C activity in a Ca2+ and phospholipid dependent manner (9) . Recent studies (10) have indicated that these two signal transduction pathways may act synergistically, causing a sustained in crease in muscle contractility.
It is, thus, assumed that if the PIE mediated by a, adrenoceptor stimulation requires such co ordinated interactions, tumor-promoting phorbol ester, which appears to mimic DAG in stimulating protein kinase C activity, should produce a PIE upon a,-adrenoceptor stimulation.
In the present communication, we report that the phorbol ester at concentra tions known to stimulate protein kinase C activity specifically can potentiate the PIE mediated by a, -adrenoceptor stimulation. Male Sprague-Dawley rats weighing 250-300 g were anesthetized with sodium pentobarbital, and the hearts were quickly removed. The left ventricular papillary muscles were suspended in an organ bath con taining Tyrode's solution of the following composition:
122.5 mM NaCI, 5.4 mM KCI, 1.8 mM CaCI2, 1.1 MM MgSO4, 24 mM NaHC03 and 10 mM glucose (pH 7.4), aerated with 95%02 and 5%CO2 at 32'C. The muscle was initially loaded with 500 mg and was driven electrically by rectangular pulses with a frequency of 1 Hz, duration of 10 msec, and a voltage of twice threshold. The isometric tension was measured using a force displacement transducer and recorded through an amplifier (Grass Instrument Co., Quincy, MA). After 50 min equilibration, ex perimentation was started. When PE was used, 0.3 aM propranolol was always present. Prazosin (Pfizer, NY) was used as the ai adrenoceptor antagonist. For the measure ment of slow responses, the papillary muscles were exposed to high K+ (25 mM) buffer solution to inactivate Na+ currents. When the preparations became inexcitable, the stimulation frequency was reduced to 0.3 Hz, and intensity was increased several fold over the threshold with a duration of 10 msec. In the present study, we used phorhol-12,13-dibutyrate (PD Bu) because of its lower hydrophobicity (compared to other potent phorbol esters) that could facilitate association of the phorbol ester with the inner leaflet of the sarcolemmal membrane of intact tissues (9) .
PDBu at concentrations ranging from 1 to 100 nM alone had no significant effect on contractile force up to 60 min (data not shown). However, pretreatment with PDBu (1-100 nM) for 30 min potentiated the PIE induced by 10 ,uM PE in a dose-dependent manner (Fig. 1A) . The PDBu potentiation of PE-induced PIE was also time-dependent, producing a maximum effect by 30 min of pretreatment (Fig. 113) . The failure of PDBu alone to cause PIE may be due to a lack of co-factors which are necessary for either protein kinase C activation or an increase in Ca2+ channel activity when protein kinase C is already activated. In contrast, isopro terenol (ISP)-induced PIE was unaffected by pretreatment with PDBu for 30 min (Fig.  1A) . Biologically inactive phorbols, 4a phorbol and 4a-phorbol-12,13-didecanoate, at a concentration of 1 ,uM, were ineffective in potentiating PE-induced PIE, excluding non-specific hydrophobic interaction as a possible cause of the PDBu response. The PIE mediated by PDBu and PE was abolished by 0.3 ,aM prazosin (data not shown).
It has been shown that phorbol esters such as PD Bu and 12-0-tetradecanoylphorbol-13 acetate (TPA) induce tonic contraction through potentiation of Ca2+ channels in smooth muscles (11, 12) . We, therefore, examined whether PE and PDBu also enhance Ca2+ channel activity. As shown in Fig. 2A , 10 z M PE restored the con tractile force (slow responses) in the partially depolarized papillary muscle. Pretreatment with 100 nM PDBu for 30 min resulted in a 2 to 3-fold increase in the slow responses, compared to those observed in PE treatment alone (Fig. 2B) . These results, thus, confirm the previous studies (13, 14) , showing that a, -adrenoceptor-mediated PIE occurs through potentiation of slow Ca2+ channels and further suggest that protein kinase C activation may be involved in this PIE. However, the fact that the increase in Ca2+ channel activity by PDBu requires concomi tant stimulation of a, -adrenoceptors suggests that coordinated interactions between IP3 and DAG-mediated signal transduction pathways may be necessary to elicit the full physiological response, as has been docum ented in other biological systems (15 
